Isothermal Close Space Sublimation (ICSS) technique was used for embedding porous silicon (PS) films with ZnTe. It was studied the influence of the preparation conditions and in particular of a chemical etching step before the ZnTe growth, on the composition profile and final porosity of ZnTe embedded PS. The structure of the embedded material was determined by x-ray diffraction analysis while the thickness of the samples was determined by scanning electron microscopy (SEM). Rutherford backscattering (RBS) and Energy Dispersive (EDS) spectrometries allowed determining the composition profiles. We conclude that the etching of the PS surface before the ZnTe growth has two main effects: the increase of the porosity and enhancing the reactivity of the inner surface. It was observed that both effects benefit the filling process of the pores. Since RBS and EDS cannot detect the porosity in the present system, we explore the evolution of porosity by the fitting of the UV-VIS reflectance spectra. The atomic percent determined with this method was in relatively good agreement with that obtained from the RBS and EDS measurements. 
maximum () of the peaks and the corresponding Bragg angle . Using the more intense peaks that corresponds to planes with Miller index (111), (220) and (311), we obtained crystallite sizes values of 10.2, 9.0 and 8.4 nm, respectively. The fact that the size of the crystallites is of the same order of the pore diameter of the PS employed seems to indicate that ZnTe is effectively embedded in the mesoporous silicon. To evaluate the amount of ZnTe infiltration, RBS and EDS measurements were performed.
Rutherford Backscattering Experiments
Typical RBS spectra of the samples are shown in Fig. 2 . Both samples A and B were fabricated with 15 cycles and using identical exposure times to the sources (60 s) and purge times (5 s). The sole difference between these samples is that sample B was subjected to a chemical etching step before the growth of ZnTe. To fit the spectra, several layers with different Zn, Te, Si and O composition and thickness were considered. It was assumed that the composite consists of a mixture of Si, SiO 2 and ZnTe, i.e. that all oxygen atoms are bound to Si and all Zn and Te atoms are forming ZnTe. This seems to be adequate in view of the stoichiometric 1:1 composition of ZnTe observed along the films in the simulation of RBS spectra (see below). In addition, XRD patterns did not show the presence of any Zn or Te oxide. Then, the profiles were calculated in terms of the composition of the different compounds and not of the single elements. In order to better understand the obtained spectra shown in Fig 2 a) and b), we have also plotted the individual contribution of each element. It can be seen clearly that the Zn/Te intensity relation is 1/3 as expected for stoichiometric ZnTe compound. On the other hand, the simulation allows a good fit of the spectra and demonstrates that ZnTe is distributed along the whole PS layer. In 10-20% and increase toward the PS/substrate interface. This is an expected behavior since the etching step with HF dissolved part of the SiO 2 . An important result is that in the case of sample A the concentrations of ZnTe inside the PS layer is between 1 and 4 % and for the sample B is much higher ranging from 15 to 80%. Obviously, this fact is attributed to the chemical etching,
since ZnTe growth conditions were the same for both samples. We conclude that the etching of the PS layer before the ZnTe growth has two main effects: increase the available porosity and enhance the reactivity of the inner surface. Both effects improve the filling of the pores. Since RBS cannot detect porosity, we explore the evolution of porosity by using reflectance measurements, as it will be shown below. 
Electron microscopy and EDS results

Optical reflectance measurements
To complete the study of the infiltration is interesting to know the evolution of the porosity from the pristine PS sample to the ZnTe embedded one. With ICSS the filling of the pores begin in their inner surfaces. For this reason, one would expect that the pores will never be filled completely since complete filling in any region of the pores would obstruct the gas flow along it.
However, RBS is not able to detect the porosity because the stopping power (SP) of a void is zero and consequently the total SP of the layer is not affected by the presence of voids. For this reason, we consider using UV-VIS reflectance spectra to estimate the porosity of the PS layer.
It is important to mention here that determining the porosity using only the optical properties is a very difficult task; particularly in a so complex system as the infiltrated PS. In this section we propose a simple model to explain very approximately the evolution of the porosity in each step.
In spite of the model simplicity is remarkable that it affords a god fit of the spectra and gives a seemingly satisfactory explanation to the process as it will be shown below.
The refractive index of porous silicon can be approximated by a linear mixing law [12] .
Accordingly, if p is the porosity (the volume fraction of air in the sample), , and are the volume fractions of Si, SiO 2 and ZnTe respectively, then the effective refractive index of the medium is:
where are the refractive indexes of air, Si, SiO 2 and ZnTe respectively.
Expressions for these refractive indexes were obtained by the fit of experimental values [13, 14, 15] of in the range of 600 to 850 nm. As the position of the interference fringes (IF) in the reflectance spectra depends on the refractive index and thickness of the film; a study of these spectra in the different stages of the process is expected to provide information about the filling of the pores, and particularly on the porosity. To fit the reflectance spectra of the sample before and after the chemical etching (before ZnTe growth), we consider a partially oxidized PS layer onto a silicon substrate and we used a "single layer" model (multiple waves method) [16] of the reflectance. Reflectance spectra of the sample after the ZnTe growth was not reproduced with this single -layer model because the presence of the outermost thin ZnTe layer. In this case we considered the transfer matrix method [17] . Instead of considering the more complicated task of fitting the absolute value of the reflectance intensity, we look for the coincidence of the wavelength position of the interference maxima and minima between the theoretical model and the experimental spectrum. We assumed that such a procedure would be sufficient for the accurate determination of the parameters of interest in this study. With this aim, the sign function (Sg) of the numerical reflectance increments (R) was built for both the experimental and theoretical spectra. Sg is defined as 1 (R >0), 0 (R=0, IF maxima and minima) or -1 (R <0). Therefore, the fit parameters were calculated by minimizing the square deviation between Sg (R exp ) of the spectrum and Sg (R sim ) of the model:
In the case of the spectra before ZnTe growth, d 2 and X ZnTe are obviously zero. After the ZnTe growth X SiO2 is a fixed parameter taken from the previous fittings.
The results of the simulations are shown in Fig. 7 by solid lines. In every stage, the calculated values of thickness and porosity are indicated. In the sample embedded with ZnTe, the VF of ZnTe is also specified. It can be noticed that after the chemical etching, the thickness of the PS layer remains almost constant and the porosity increase from 10 to 30 %. This indicates that the main effect of HF was, as expected, to increase the porosity of the PS layer by dissolving part of the SiO 2 . After the ZnTe growth, the thickness of the ZnTe/PS layer was 1.04 m (approximately the same than in the previous stage) and that of the ZnTe outermost layer was 164 nm. To fit this spectrum was necessary to consider a porosity of 9 %, substantially smaller than in the previous stage and the VF of ZnTe embedded in PS layer was of 0.21 (volume percent of 21 %). To allow comparison with results of RBS and EDS, this volume percent calculated from the reflectance simulation can be converted to atomic percent using the atomic densities and volume fractions for all the compounds involved: this leads to a value of 42 % in relatively good agreement with RBS and EDS measurements (see Table I or Fig. 3 ).
Discussion and Conclusions
Isothermal Close Space Sublimation (ICSS) technique was used for embedding PS films with
ZnTe. The films were characterized by different techniques as x-ray diffraction (XRD),
Rutherford backscattering spectrometry (RBS), energy dispersive x-ray (EDS) and optical reflectance spectroscopies. These techniques allowed us to describe the main aspects of the filling process of the pores as discussed below.
During the exposure to one of the two elemental sources, Zn or Te vapors infiltrate along the pores of PS. Since in ICSS the temperature of the sources is the same as that of the substrate, the deposition is self-regulated and it is expected that only a very thin film will be adsorbed in the inner surfaces of the pores. Then, the filling process would progress by engrossing this very thin film in successive deposition cycles; thus, the internal surface of the pores should be covered in a conformal way. Then, a certain degree of porosity must remain in the embedded samples. The Appendix.
Multiple waves -single layer model
The expression for the optical reflectance considers the interference of the multiple rays that come out from the front surface of the sample, considering normal incidence of the light. Two interfaces were considered: air-PS and PS-silicon. The reflection coefficient for multiple reflections can be expressed as:
And the reflectance R is given by:
In these equations r 1 and r 2 are the reflection coefficient corresponding to the interfaces air-PS and PS-silicon; δ=4π n 1 d ⁄λ is the phase difference introduced when it crosses the film in the two directions; n 1 is the refraction index of the porous silicon and d is the thickness of the layer.
Two -layer model. Transference matrix method
Three interfaces were considered: air-ZnTe (I), ZnTe-PS (II) and SP-silicon (III). The boundary conditions of the electric and magnetic fields establish that their tangential components have to be continuous through the boundaries. Expressing these conditions in matrix form is possible to obtain the relation between the tangential components of the field in the frontier I and frontier III:
The matrix ( ) elements are:
Where:
, , y .
are the refractive index and the thickness of the ZnTe and PS layers, respectively. are the permittivity and the permeability of vacuum.
Taking into account this expression is possible obtain the reflection coefficient:
Here and while are the refractive index of the air and the silicon substrate, respectively. Then the reflectivity is calculated as .
RBS cannot detect porosity, we explore the evolution of porosity by using reflectance measurements, as it will be showed below. 
Electron microscopy and EDS results
Optical reflectance measurements
To complete the study of the infiltration is interesting to know the evolution of the porosity from the pristine PS sample to the ZnTe embedded one. With ICSS the filling of the pores begin in their inner surfaces. For this reason one would expect that the pores will never be filled completely since complete filling in any region of the pores would obstruct the gas flow along it.
However, RBS is not able to detect the porosity because the stopping power (SP) of a void is zero and consequently the total SP of the layer is not affected by the presence of voids. For this reason, we consider using UV-VIS reflectance spectra to determine the porosity of the PS layer.
The refractive index of porous silicon can be approximated by a linear mixing law [11] .
Expressions for these refractive indexes were obtained by the fit of experimental values [12, 13, 14] of in the range of 600 to 850 nm. As the position of the interference fringes (IF) in the reflectance spectra depends on the refractive index and thickness of the film; a study of these spectra in the different stages of the process is expected to provide information about the filling of the pores, and particularly on the porosity. To fit the reflectance spectra of the sample before and after the chemical etching (before ZnTe growth), we consider a partially oxidized PS layer onto a silicon substrate and we used a "single layer" model (multiple waves method) [15] of the reflectance. Reflectance spectra of the sample after the ZnTe growth was not reproduced with this single -layer model because the presence of the outermost thin ZnTe layer. In this case we considered the transfer matrix method [16] . Instead of considering the more complicated task of fitting the absolute value of the reflectance intensity, we look for the coincidence of the wavelength position of the interference maxima and minima between the theoretical model and the experimental spectrum. We assumed that such a procedure would be sufficient for the accurate determination of the parameters of interest in this study. With this aim, the sign function (Sg) of the numerical reflectance increments (R) was built for both the experimental and theoretical spectra. Sg is defined as 1 (R >0), 0 (R=0, IF maxima and minima) or -1 (R <0). Therefore, the fit parameters were calculated by minimizing the square deviation between Sg (R exp ) of the spectrum and Sg (R sim ) of the model:
In the case of the spectra before ZnTe growth, d 2 is obviously zero.
The results of the simulations are shown in Fig. 6 by color lines. In every stage, the calculated values of thickness and porosity are indicated. In the sample embedded with ZnTe, the volume fraction of ZnTe is also specified. It can be noticed that after the chemical etching, the thickness of the PS layer remains almost constant and the porosity increase from 10 to 30 %. This indicates that the main effect of HF was, as expected, to increase the porosity of the PS layer by dissolving part of the SiO 2 . After the ZnTe growth, the thickness of the ZnTe/PS layer was 1.04 m (approximately the same than in the previous stage) and that of the ZnTe outermost layer was 164 nm. To fit this spectrum was necessary to consider a porosity of 9 %, substantially smaller than in the previous stage and the volume fraction of ZnTe embedded in PS layer was of 21 %.
To allow comparison with results of RBS and EDS, this volume percent calculated from the reflectance simulation can be converted to atomic percent using the atomic densities and volume fractions for all the compounds involved: this leads to a value of 42 % in relatively good agreement with RBS and EDS measurements (see Table I or Fig. 3 ).
Discussion and Conclusions
ZnTe. The films were characterized by different techniques as x-ray diffraction (XRD), Rutherford backscattering (RBS), Energy Dispersive X-ray (EDS) and optical reflectance spectrometries. These techniques allowed us to describe the main aspects of the filling process of the pores as discussed below.
During the exposure to one of the two elemental sources, Zn or Te vapors infiltrate along the pores of PS. Since in ICSS the temperature of the sources is the same as that of the substrates, the deposition is self-regulated and only a very thin film is adsorbed in the inner surfaces of the pores. Then, the filling process progresses by engrossing this very thin film in successive deposition cycles and, in this way, the internal surface of the pores is covered in a conformal We concluded that the HF etching also increase the reactivity of the surface favoring the surface adsorption of ZnTe and then the filling of the pores. It is worth to note that this growth procedure allows obtaining in a simple way a Si/PS-ZnTe/ZnTe heterostructure which could be useful for devices fabrication. Appendix.
Multiple waves -single layer model
In these equations r 1 and r 2 are the reflection coefficient corresponding to the interfaces air-PS and PS-silicon; δ=4π n 1 d ⁄λ is the phase difference introduced when it crosses the film in the two directions; n 1 is the refraction index of the porous silicon and d is the thickness of the layer. 
Here and while are the refractive index of the air and the silicon substrate, respectively. Then the reflectivity is calculated as . 
